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ability is obviouc. The, i~cc c......-
is also believed LO 1-l~'i ~ ~ ~ .

being used at ~2. Tu ~ .. ;.

up i n ir r.:-a .ca a o .

Poides a:; Z.11*i z C .i~f
of the B L:. -s O rr~: ~ ~ .2 . u~
lished in Lienca Journal(C : 16)-4

r-s ultirng --- a dcZQ:I--r.-on L*O-.,;;. - 2 C ..
organiczas cacur in t a~ air zha %onzfl nuouz -".

The conaccn- does not presuose ar.i, '--

which is act excluded, howzcvar. ~~ciu
lead to "Carly warnin:," for zl. 0.:.. l otacti.v.; as-z

within less tian an hour r th~ -. c;

The pci;:ibility o-, var--.azion oi L t,)oet*
to effects and tactical ap~iai;,c;.rbincd with ~ ~c;.
stance t.-at the effective amounts can be as craail az no-e ;xa
bacteria or virus particles %with a nass o-, about 10-12 g or e-

Oposes exceptional demands on the n4-,t'hods and i: n that
can be used for detection. A process must be carriLcJ out y m~eans
of particularly advanced and coati. ay,1aratus, whi'ch as far a:z
Sweden is concerned exista in only a few rpeci*-P-ns. Thzae cir-
cura~tances I.ave led to orientation o.- the 'iork a. rOCA toward
methods where special preraquis~tes a~..~ within counzry.

'.he -oal of tie ex:periments ~~ara re-o-Zed -- .; £i.;-low-
i.ng is necc~isarily limitc"

The cttdies shovI. 4ia the first aCa concerai: datc-*ioa
*ofC individuali -icroorZani,--ms wi;;ir. tha *,ize r:u-ze -- y -1l

rexcludin- v--'ruse-v and rickettsias ./4 a=C larg: cc-.
s-g-regates f%7', )A . articlec; ba!twzer. thece s~.za -air.z~ no

* h-e -lung, alveoies a are mi~b rost effective --'o: ti~e spread-
ing" of virulent accnts.

"tp.063 for G~ze-cdiscri=-ntn- col.action oZ ~ca in

com~iercial apparatus.

-2-
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in. mbackgro-uad tzst; V.>:~v ~ . ~ T-;>~
miethods th..n avaia'* V .....- c~

Showever, wihco...1in.! t*. . s -. y
'Mi~croscope wzith a recor---r ; ,.. .. .Z
otCicr'sby. electron ra.diat,-. cif t 1-e e..: ; - b 0L> 0

afdCo tent of dn elernclit in a,- L:':~

Iiftruent3 were Prsent 17- Sc.X(:e. ''..' .I c:.t

t -the. pu::psa was the oau ra th- :.3 e "I. .

Clilir Teclbniccal Insitte whic waz -. av--
'P~b auel t y the. head of the. institut!. I.r D z.ct.

a -i th~ z.' t~-

ieg'arto. the back-round conditiozl 4-:' -.. L-. V. ;
tion. -ib out Lhe natural micr~b*%':. -roa

Rarticle, collection. car cTchcc L
* paratjua (Xay 1945) conj is..z oe four p~aiz- Jjoir L zz-a~l-

* (pi. 9 . e140ach having a slot tirou-h whi hc
removable coli.ecting surfaca '.isposcC :~ :~i

C~~.2). The slots becoina siuccassivelY :.2t \ c.
inicretsed velocity of the rir tl-'&t-.. ".& 'Tt~
oil the0 L-eloeity Of the air istreC~L *.,.zctace 1
mas eec step are hurled again; t t~c~.ci~ uf.e
vhjre .-,hby-'Set stuck in an adhes-'ve coatir.- on -.h .. uriace.

usd n h exeiment

- - Best Available Copy
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C -. 4C

zi- r~owz.

L c..4L; :to -,:ct., 0

:L t'*--0 -A e J>.~~ c. t, L4. - C 1

~;u~r r: - , cu.

;7 .- --- \...

- 1 a .4 C.. 4

*d~tfl~ uc-.in t1hrough. va.cc..ty o-" -1,050 liters per hour
.lyus,;C , ar":U h step 1obai~ ,2..2,3 and '. he, -,rti-

,I;dio~ib,.-io obtained !-. sac 3 w~as 0.9 - 5m ocr~ a deposition
:, -. 0 x 1.5.7 7zm 2 . The depozitz-o surface c ,=sisted of
:;atz (26 ; 23 x~ C.3 mrt) rn .un~ed i-. a brass ir2.ta

... cialiy -,anufac~urad for thc~se eperi, onts. Ojc ls m
covar -las-- were caz .;y bck-- -f thc~y v%:-a -nse:.-~c di-'ectly
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in the stcl.s. In atey~a Zo~ prt:c:.c. W.i~ it: u re: r1
brass Plate~s were inertc. .U2 c1 ~
covered with a sterile adc-.v co..'jcoec 0 o 1 n. Z 25

* &AYcavol and 175 S water. Thoe cav, n-Ar . with
ALicoho '1l prior to coatin,,.

The particles were &c tX tc. J .an C_
vhan- they, iere caught oa zi~c adac.ive ' :CL.C_ .. i.
Air particles di : picc to Lsc- a a ~ & n, r

uncoated g- ass. An aveia-z- ol 7-;: o- tx- i
that fastanod to coated su_-'cez adhared to nih ~
Materi'al collected in tap 3 (1-5/-1) oJ2 -.'.e Cae;clla i :,c to r
wass; studie_-. by the acridiaa orange meth~d.

-4 *

41 44 20-

-3. 0 .0.5 0

0 4

Pis 4. particle count fo= dust collected on tl-
adhesive coated step 3 of t. . Casella : mpactor..
The sketc% at ula 'bottom ir.1icates at Vlhlch
aoection of t1F~c preparation the count tcook place.
Two preparationa wera counted; the lon :J'tud_ ;.na
section (2) 3 tities aad the transverse section
(b) twice for each prapar.ation. The greateot
daviations from the indicatcd aver..e values are
marked*

Ander:.~a oL1npler -- TQ appratus (Ariceersci 195131 ca-isists
of six alu..-inumi dishes pl.ced in series, e.cch with '0 , '
of successively diminishin,- size (Fig. 5). Inthe iiierval.;
between the dishes colljecting surfaces car. be placed. When ai7

-6-
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. ....... . .....

%, it.

Fg3.Dia-rammtic kutcis of Ance'-n sam-1e'z The air
iu tcken ia and pazses -h-ough the Lap>atus in
the dizection oE the arrows. For each ntep
(detachable) th pore si--e in t" e stop diminishes.
Zet .'cen the step insert dichas are placad with
cu.ue' rnedium whic'h also serves as collectinS

Suzfac.

7I
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CL

ther~fre r~or Vi '.. 1 
'j.L 

r'CZ0 I jut IiZf ca

sizes on tL.a six . c
to bi; chosen 4o that t:., o W-appro ach 4 0 0 ir. --y p~.. a .z t. z~.:
tair bocav.i c. o-*

only one L Ova Coo'.~.--~ :~:

Consui tin- ScrvL,. ' - .'

pump that ;ives a L. .:~.. .

recomm ended air vo. c4 ty f z)=c Z~ C.: C'
liter per horr to )V .i% C~ 0 p
tseq :.ce . Lhe 1 5G fL -~ at.iz i~ I-~~n

impactor g..vc ca 307. 10'.= *;a= ZL~sampler, h :Aevcr. The differcrnct a.pplJX.c-s ;iOst2.v L :;..2.mi4 ~cls in th . size range oi O.S - !A4 . Z aiuo accepted, .owcvc-., ao none of tha :~ zOL af~ 1 t ~tt

The .cnlib rat;i*on waa3 carried o,..: on adz..v covared ob4_eet
glass lyin- in recesses in aluminun ±ncet suita:)lc for ptL
dishes (Fii;. 7~'

samper.Left, dish -.74h recetied -cta3. plate

for adhesive coated objact glass (ft-.r micro-scpestdy00cole, -:ic ,u!; cn ,:ro
microprobe mea, .x.c and Lhasiv" cov ;red
cove= t :oz cc a.parative miclros.ope -- tueics);ri-ht, pctri dif-h for _zowingbc_ ~ adfn
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C CUti ii
Q I~. t 1i

z t Y ae .

C, L 111. --ZZ I t 13 C, 4 ::S " s--K..e..

6mc.: C 02 c-e, ---. e o

C ~ ~ ~ ~ * L c5cJ3Li' ::L nC se copper ?1l te$.; cuh. on diz, r
- ~. .. :c~~ ~.:~e on ~cn i %:::a: c~nd 3 rum ,Ick-~~

0 2: of t , - -. , . 5stop.-~ In rhe~
~z~r z~r~ '.~ ~ -:QCZCSfo an ahie

obj 2c tor. co lOe(ct-ons for o 1- h er an alt

c<a~ h z=&:.na C:n Method -- Acridlindc
z ~r-.arked-,,,

au,.. ->* ones vyith :autleic acid6can'

-ZC . V.,-UL1-----2--- . 1966) Erscntial1y "

bcs." b ic.ic lyt. a~nd the phos ph ate a
Srucl.ujc ace a: i~ intarcalat -0n o! t e ,

ifl ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s ..1. ~ ~ fI..C. c. JU0)ccur'. r . -l :- k-QCcUnL.ii oU6. (&m4.LL nuilcie atcd m ight al.~cuc3)A

,x 0

co *cn ra i n (sr.. di t-s.b L ,z-,:, .. c lc ),



-shows a srn eahoi ~c
fluorescence iscJ gc-8*~ .~

co separatci single frm 1: 0 A1: ..

F ~strand nuc.Zeic acid 0a,;. rk. z L..- s *
(as ;A rule siniiia o*...:cai: a uti -'

The ef f ect o f t hi w_5 b- c. c-, a2:: :
fluorescence C-oihaa'- 4 .- iQA-& ,

fluoresces lt J.-. a 0 Q .z.,.mn :c 6

jI :A
9. Di~ramof te bord c- to

dobl -.7aa % 1..,O)--,' 1'r~l

C) Fig. 9. Diagra of the bondoa bon2d o.- r d

Uoran-c t-Dpoly-uracil or RNA-) caus -s thc
Yr.-, ach roic J- jgreen torc

195"
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sa t. g....* Rl -l n mi th -

olsDNA-Po),cr.so~zn'C Uc

It ol.With in. ar~sc Ut, It C. c,% "a.

u$-,-aeit iVitY , this limliL c culd)( .L >0t1uw;cc. c-

that? these at the oit. Z~
None oDf the3 bacteria -

flu.ores3cene). The co*tr". r v-'' C .. '..0.

jjt4 nlsity Iroa ca 50 vis ual ' fi.c.""- .A ,~C

%flde Strip oil uarticlc-s fret-i tne .: ..

relati4vo -asuro ol. thei a.!cuiL- (550 amI) f;ie
atPri-La). i" the sample. :;o at. ai -as vIt '1.. 1 , ~ -!xivu

rescence f2rom- Co cet,%. ":oCLC -az ..- 2Z.,

ten.Ce_ for aIo posil ftt E~ 1ttct f SZU .2 tg
w.as providced withn a de-vice ta e~zc .O~-
v-±th* constrzt speed pasi, zhe J,~urc: a1c
-.from th',e pho-tomiu;tiplier- t hat read r-h. loec.nL ..
,an amplificr to a recording, device Lh;mt recG--co- 'ih S u,-f
of fluorescence along the scanned la.The .. ul.oe- 203

-this line wsat the same tii.v'! itradauca.cl 4 -auz

1)the integral gave a rzelIt i ve m easUr e & t he amun 1r : g L. L C%

'fluorescing niateri;Al in the sa,-aple. l t , this ea-,;, a al: z.-Shiaped
Surface. (10 x %gmtar, used as measuring 3~

CultivatiLon technique. Themcrbilgcacztv:o
of colonies from the cllected mirognssin easicIs'hcs
took- plac- comApletely accor:ding to COf--,Iti 0..rciu.

at room temiperiature, sometimes for contCrol a.. a2t~nU2
32' C. The numaber of grown colonS a--s then count W..d, -,I:r!b"
b>acteria were separated from fungi. Z so0 F ig.

The results were recorded so that the 4rbr:c2elnc

from s teps I., 2 and, 3 were br, i4;t aogethar, le "., :u:.3r
from steps 5 aad. 6 respeertively were. r:,.cozCed scpar..zely. The
saimples froma sterp 4 (the last) were not counted. I. thi way
a division, theoretically by parti-cla Gi.ze wascba.edL

S5 tD 1-3 parciclIcs > 6/,L
* Stop 5V.86



CC Z. _ . -

u- - e,

i

.~..r. adc C..:h 6U aA ZZC C.ut0 *

-cr-s -631 Z e3UrC.c cI

c~.~ e 0 X~A u e

• .t - . '. Z ; - C ., L . .../ d ... r " : .n , . -c .E o 1 
- ' , 

I

C... J. . " zc td t

Z7. I)!

-,c.. . e ,' .,o .h jiz... e .1,_ b.-. .v :'_- l 'i sc . e|

• :.. ; . l ( ' 2 .o' c~ ¢ -t.c' c ,: .. -L3. o.ao, . 2 . 3 .1C Ic :

C . . . , ) o o . A -,: . ..._ t . .' a ' - - . .: -n u . s . - -:" .. . "I

"1._rord i. 0 2 0 n-6 cCJ O , C arc c c r c d .. K - au ec-c:: c

d b c r a . d c. a3 if lg toe woz 2 i n- ', tC.QS.c

, . ,1 -, . e ' .j. . ' ' o n 2 ' ' ... .V . .

0 ---. ( : . t ,,,' "C Z S i ". :h :. j ,c u ,L.O, .,

.,,.:, =~a : .ou :" s_,_ _ _ _ _ _ _ _ _ __b_ _ __,_o_ I': ¢,mp si-.o:

L i:±.3, - -...---



Fi . 1'.

_ Ii

j&t mounte inn Adir;a

sampler,. -Plaoidi oaer

ci-InstrUdot(see tex)hTp

patcl olectr~ pued on co.-,per
p-tat te md idaneAndesen 9,

sn arhe Polaroid amerai
pictres texoscillocp oza

thea The,1 awke1 rv
arrovc. shot:,~n3so idenici-
ifiablo- Darc- c cec ona tne electrona

* pctura,, wh-ich prcesconualin
either silicon or a!".&4ilumi or
both clocmerta.
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or i-acubation temperatures might 'have produced values diU.::
from those given here.

The good correlation between acridine orange fluo-,,.;-z .. :a
and bacteria count in the model experiments with test au~oo c,!
did not prevail in the field experiments. The principal u o.
tor this appears to be the relatively low natural occuir:rnca of
microorganisms (bacteria background) in the air sarp!; .
unexpectedly high content in the samples of method ,ib1
substances with fluorescence in the measured wave .

adjacent ones. The disturbing particles probably consist ..

silicon compounds and organic material (for example, mat.=i::
Gontaining cellulose). it must furthermore be poinzed out J1 . .,
the acridin4 orange method theoretically can detect all m:lro-
organisms collected in the Casella impactor, while only Lhe
viable organisms are recorded after collection in the Aner-.,cn

* sampler.

It was characteristic that the fluorescence measuriai,
values were low in comparison with those from the test bzcCeo':J,
aerosols and that they had relatively limited distribution .
measurements from the same day were compared. It is therefore
quite conceivable that a massive appearance of bacteria in tha
sampling air (e.g. originating from a nearby source of distribu-
tion) could produce significant evidence of the presence of
bacteria. No field experiments have yet been made in this
direction.

Another possibility for increasing the sensitivity 
ot

the acridine orange method appears to be simultaneous measuire-
vient on several wavelengths other than green or red, whereby
greater opportunities would be obtained for discriminating"
the fluorescence that is obtained, especially from nucleic acids.
As unspecific particles as a rule show green or blue fluot:ascence
after staining with AO (max 450-530 am) furrher increased
specificity can be gained by denaturing double strand nucleic

to sinqle strand. This changes the fluorescence color
green to red. Further advantages could be gained if such .ur--
ments could be carried out only on particles of a certain sizk

and be increased in number. Hereby the automation that a;4:cdy
has been worked out could be tried and some form of size dio-

I cr'imination of fluorescent particles could be introduced.

in this connection it should be pointed out that fluo-
rscenL antibody technique, for which similar apparatus can be
used as for the acridine orange method, offers a practicable
nmthod for detection and in addition for exact typing of micro-
organisms.
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Sclectron microprobe involves a practicablam~to
;i;.i:;of the chemical composition of in ivIc, .
r:--t-imeas considerably faster instruments have bcer.

SO: than that used in our investigation.

Corcain constant differences for the various collect: vg
hacc uve beer, obtained. Especially the low natural bactcx' ia

ini the samples from field and sea air should be ~i~:~
Sua.;pccifi."d fluorescent particles.
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